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mm&] mmm 

mmmit m mm t mmm t n m m n <d m f c m w e> n ft. im^ * m m t , 

ISrSB^SSttjieSJStt, B, Si, Ge, W, Nb, Mo, P, V, Sb, Zr 
, Ti, Zn, Pb, Zr, Cr % S ru Ga, Fe, CoM#±iiI©e) 

iyfB#«MM<£>)g£JlU±, 0. 5 n m&Lh 5 n mfiTTeifc* 3 f 
1 * fete 2 IcgBtfe&fcatfgffiafr**^. 

«ft © # i«j ^hr» tc ibj tc s& $ *i fc^aiffijf ^ t £ «iffc mmm z , 
tffSB^b £ iff ffifiKft i as t © ra jcs ^ e> *i * ras t , 
?>'tfHift i & « j: »; r ^ £ ^ -r s « t , 
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mmWil (Dit&yamiZ. B, Si, Ge, Ta, W, Nb, Al, Mo, P, 
V, As, Sb, Zr, Ti, Z.n, Pb, Al, Sb, Th, Be, Zr, C 
d, Sc, La, Y, Pt, Cr, S n, Ga, Cu, In, Th, Rh, Pd 
, Pb,Mg, Li, Zn, Ba, Ca, Sr,Mn, Fe, Co, Ni, Cd 

fits TcSRcDBMbft £ i:t5ri:S:W»i:t5 4 SB*© ^&fi*n$& 

tsria» i (Dik&mm n mmm 2 oxkismmnmmcD&mz. 0 . 5 n mj^_b 5 

t«fSBl«e#Ji<©IRfftt, 0. 5 nm^±3 nm^Tt^Sr il$:#ti:tSf 

i ~ 6 <D^?ftfr i -Dizmm^m^m.mmmm^-o 
mnmit mmmt mmit ^mmt.<Dfsnzwf^tit=. im®. * m m n , 

3: AS*, 
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m i aift m mm n m n imt m m m t <d m iz m it *> ti & tm<& * ra s £ > 
tufaM s eus** ^fr-xmrnm^mm t aM^ii:, t&iafifrfbH^s&tf 

[»#«10] 

8Kb © 13 irt # n jst & tc - # inj \z m m $ ti tc ®m ffi ik m * & usat mm m n , 

mmit mmmt mmmit smmnamzwrtbtiit im-ft ^mmt. 
mmmit^mm^^^xmm^mwmmt^Mmizm-f^n, cu, au 

, Ag, Ru, I r. Re, Rh, Pt, P d , Al, O s RZ$N i CO o %C0'P 
M co # ft ffi D T lE-f b £ 3£?&'f£ if fc^r-rsflfrfbSSUSfc, 

tug em a » ® £ tfrf Bflfrf b a * jg i: © tc $ \f e> ti * ra js ^ > 
mmmft&mmfrbfrxMMim'&^mmtitixftmizmttbn, cu, a u 

, Ag, Ru, I r. Re, R h, Pt, Pd, Al, OsWNiffiHffl^ 
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Cff^^l 2] 

m&m i~ii <D^irnfr i ^izmM<Dm^mffi$mm**ffiz.t=.z. n znm 

[0 0 0 1 ] 
[0 0 0 2] 

XK?yAjl7 (Spin-Valve: SV) ItCiSg^I^S^M (Giant Magnet 

oResistance effect :GMR) ^^JML/feii^'y K<Z>#8$J&Ci: U, M% 

"7*lKJM$K:j:»j0}£L"r;j3#, 5 -#tf)3»[4Ji ( r^y-flj &£vM± r 

ym^ttisxmttmzmt?zz£ic&y, e^^mm^^s^ot^ 

£ (Phys. Rev. B., Vol.45, 806(1992), J. Appl. Phys. , Vol.69, 4774(1 
991)^#JKO o 
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[0 0 0 3] 

^X^yAll? (specular spin-valve: SPSV) JKli, 5 0*fiftfy h^Tj 
<iy* (G b p s i ) #±©3B»«£&H3i-r5&flSfc UT^^ftS5:I*t 

[0 0 04] 

SPSVtt, 7'J -M&£v^ifc°>JglcM;%£;MLT, *©#ffi{cfeWS 

O H-t&^W&Z (W.F.Egelhoff et al. J. Appl. Phys.78(l), 1 July 199 
5) „ 3*i£T% SPSV^fflf/W^tltfflv^feibt:, &-t-J*-2<D 

[0 0 0 5] 

7U-»fl9©«^iK»*4:L/Ttt, 7 U -W^ffiM^Cfi^T a , Fe, N'i, 
A 1 (DWMfcty) Jt^RM Ufe^j^lC^SV^T, MR (MagnetoRes i stance : M^MifO 
faJ:<Z>*§5l#$R£SjriTV*S. 7 Y ;i/*-*Jg (Spin Filter: S 

[0 0 0 6] 

0 nmfflN i O&^jSLjMBtfgfc^SftT^S. 
[0 0 0 7] 

l «k e> ii.-t * 

7* *fett»ga*igA^*L/fctBffl»C)&oTVN« 0 £©J:e>fc»^ 



2001-3071515 



#2000—268934 



fctfS. N i O&i 1 0 nmilffij?^ U & «#+#{C&$? £ 

[0 0 0 8] 

[0 0 0 9] 

S Vl§:iibfci^>)/ K&fWtSfiRlcM:, iiltLTT;^ 
[0 0 10] 

fc9tWM&mj&z-&&*i*%imm mxi&T&mg. damans k 

[0 0 1 1 ] 
[0 0 12] 
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[0013] 

b s a js £ © m & v *i * m if t , tsr sb?k^ e a s *^ * t t&sa* 
^mm^m-t^mmmt. mm^mmm & & x m umit e a m t. i&blmw 

JS£> 1 1 i: & i: t Si^M^II? o 

[o o l 4 ] 

M&flIi:il^I^«$tlfeSF (spin filter) #5gfcfc, A-f7*sK 
[0015] 

Zirr% f&aa^aHfJKMtt, B, Si, Ge, W, Nb, Mo, P, V, S 
b, Zr, Ti, Zn, Pb, Zr, Cr, S iu Ga, Fe, C o M^±M 

[0016] 
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[0017]. 
[0018] 

s Ms® fc^-tsMit&j**:, tut Eift m mm t mmit m mm n v> m jc m 
w <=> 21, talari: m sus^ ^ mmim^mm t itixftw 

izmv^n. mmmimmmjk?$mmmt&&im£ v %ig^mmmitm-t znsm 
mmt. mm^mnm^ ^^rmm^t^ mm titKMMizmn^n, mmnm 

it&mmt. mm^ i oit^mmt^^ ^xmm^mmm titRMMizm^ ^nr^ 

[0019] 

r-fb^j hi*, mtm. Mitm. ftvitm, mitm^^* 

[0 0 2 0] 

-zx\ mi&ik&mmtfnfcmmtmv^&Mfcmx&zm&iz^ nit 
tistis, &mm. &z^temmm£<Dm<D£izmm(DmmzM<tc.&>iz. m 

[0 0 2 1] 

ffffB^ 1 (D-fb^JSli, B, Si, Ge, Ta, W, Nb, Al, Mo 
, P, V, As, Sb, Zr, Ti, Z n, Pb, Al, Sb, Th, Be, Z 
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r, Cd, Sc. La, Y, Pt, Cr, S n, Ga, Cu, In, Th, Rh 
, Pd, Pb, Mg, Li, Zn, Ba, Ca, Sr, Mn, Fe, Co, Ni 

, cd, Rht £ ^^momn(Dz>^^m^tir^mi<D^m<Dmitm^^^ 
t u 

[0 0 2 2] 

AV7£LXmffit2>Z.£tfVgZ>o 
[0 0 2 3] 

< D -ZOfcSb, 0. 5nm^±t'feSIi:A*lil^ 0 
[0 0 2 4] 

L-^„ iftgfiltt Co^, $)§^ttCo^ 

[0 0 2 5] 
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3 SSMEffil & ^ 1 2> 8Kb S Efi M £ , iu 1 E«Mb i: t&SB«tf b & * « i: © R9 |g 

sffi a«tf b s s m j: *; * « v x & ^ -r « is #at js s ti, 

[0 0 2 6] 

z> $u8&ik zm-t suns mm mumt mmm t m mm t eaM^©ratc® 

[0 0 2 7] 

jB*S£^L<MR3tfbsJS#HteI>LT 3 nmJ^TT'feS^t^lJ L 

V*. $ £tC#f£ L<»2 n ^^Vn 0 ££-#T% 0. 5nmJ^T&C 

[0 0 2 8] 
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mztitz &m®.m &m-*&&itm&m£* M: # fa &ftmmn izmcxmt-t 
s &m&m zm-tzmitstomn* m&mtmmm £mmm^^mm£<D m tc as 
w e> *i & * fsm £ > mmmit sfli^&*T tut a#»ffi # b hiis^i 

tCfBttbfl, Cu, Au, Ag, Ru, I r. Re, Rh, Pt, Pd, Al, 
O s Jk&N i<Do*>(D'pf£< £*iWftltr> loSifiR^tfSifeMIi:, 

[0 0 2 9] 

mtstitc %m&m & m -t & m<t mmm £ , «k & co # ^ awawKis* ic & & t ^ t -r 
w ntcim&rpmm £> mmmit e <b &x mmm^mm £ izixttm 

iCWfibft^ Cu, Au, Ag, Ru, Ir, Re, Rh, Pt, Pd, Al, 
[0 0 3 0] 

±M©v^•r4^©^®^5t^m^^■^cov^T ; fo, raftM/i teaser, m^-M&f 
m zmit mmm f ? & z. £ x 2 izm^-fcztmrn & is«> 3 3 ^ #t? ^ s . 

[0 0 3 1 ] 
[0 0 3 2] 
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$LfeZ.tlb(DS VR»CiBV*T, fcr>I«D3!ift;Ur^lltj:PtMn, I r M n 
, NiMn, FeMn, RhMn, R uM n £f©M n^£3£lKte#&fflV^<& £ 

[0 0 3 3] 
[0 0 3 4] 

«MK5$B3C^<y K£ LT/BV^r £^-e££„ MRAM (magnetic rando 

m access memory) £ L TM V» £ Zl £ ^ £ „ 
[0 0 3 5] 

[0 0 3 6] 
[0 0 3 7] 
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[0 0 3 8] 
[0 0 3 9] 
[0 0 4 0] 

r &nll®J fri§frl£> TEM (transmission electron microscopy: 

ttfXgZ. 

[0 0 4 1] 

[0 0 4 2] 

ttRKM 1 7 S:*|fifc-f LXM£ L^CAte, B, Si, Ge, W, N 

b. Mo, P, V, Sb, Zr, Ti, Z n, Pb, Zr, Cr, Al, Sn 
, Ga, Fe, #±£&JR, (B^fr e>StfftS^fc < £ %> 1 &-&A^T?V*&lft'ffc 
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#fcfcv^v^i£i*fre&& 0 ^©efi-etK n&iftjc^5t& s i o 2 . w-o, Nb 

-O, Mo-O, V-O, T i O, Cr 2 O a , Fe 2 0 3 , Al 2 0 3 ^±i 
[0 0 4 3] 

T^^ftj -e^^^^^li, EDX (Energy Dispersive X-ray spec 
troscopy) & if IC <fc SlB^ffe# £ *l£MIH;fr ^tl £ IW&<Z)A;i/* 
^ £ff ? Z. h T*$nZ> Z £. £ -5 . 

[0 04 4] 

ti'So ^^tf^fsBi, ^c^n^-rvNT a i & *f ©7c3R&-£^ 

[0 0 4 5] * ' 

[0 0 4 6] 
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[0 0 4 7] 
[0 0 4 8] 

t^swii inrnmiz. m&fe&z* w^s^^co. snrng 

tC#A^S£fc#KgttCfc<&. rcofcft, *^M*f® 1 7 (DjJ^li 5 n mJ^TlC 
[0 0 4 9] 

fiff3S©ll/hS < £:(C «fc&MR&:£©«4>#^r{C3fe5fc«>,. 1 nmjy± 
[0 0 5 0] 

[0 0 5 1] 
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[0 0 5 2] 

113, #8ffi*ISJil 4, 7>J-I15, iS^mJil 6, JglffltHStll 

[0 0 5 3] 

[0 0 5 4] 

Mtfamzte, -7 U -« 1 5 &Cj£vnH 1 CD*^MMjS 1 7 7'J-Ml5^f) 
jSv^fB^CDS^ia-Jff 1 8 J: U^ML^-^VAfnmcO^b^lCiU^t- S. 3 
©J^lCTSt, 31 2 0>*^£if J* 1 8 li, mi<DttR9tMl 7^e>«»»2 

[0 0 5 5] 

-f 3ti^*^l*jS 17,1 8©±lc^fiJt34x««SIS2 o©M*4i: 

T, #£J6JgJ»tCj:*Ui, fiiai2 0»C5av^2©«^iR*f»l 8 2 
OAOiMlc^CttLTt), Hl©«^MJSl 7#&g5 2©«^Rat 
»1 8 A.<DK3S'©SKffitt^CJC< H 1 CD«^-yKlt« l 7©^, <fc 

ui&ffcs*i^i-v^*&#tj;fr&'T?&s, n 2 ©m^sftf if 1 8 
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[0 0 5 6] 

•fcy&ffc&lCfcfc, m 1 (Dm^RMM n 1iK B, Si, Ge, Ta, W« Nb 
, Al, Mo, P, V, As, Sb, Z r, Ti, Z n, Pb, Al, Sb, T 
h. Be, Zr, Cd, Sc, La, Y, Pt, Cr, S n, Ga, Cu, In 
, Th, Rh, Pd, Pb, Mg, Li, Z n, Ba, Ca, Sr, Mn, Fe 

, Co, Ni, c.d, Rb<D#frbmttzftfcmi<Dftm*&ttmR<DmtQBfr 

ftfcjS2 7Gilt&#tmMfc&fr!bfcS%©fcr&. 
[0 0 5 7]. 

gft-fbL-KX <fc5. _tafc©«K, 1 (DttRKM 1 7 5: 

MS* S I8±»j*j:»j$gi:&»j, H 2 ©«^ftf » l 8 «Mi<Z> j&tfc & Pflih-T 
[0 0 5 8] 

M<£>Wll&-tfffllL^<DX% T a^if^/rUTT^^^T^T^^^-^^jft-St^ 
^„ 

[0 0 5 9] 

is&mm i 6 icft^jfi^n i (Dm^-RMM ntt n 1 mmmm<D j; e> icjgs 

[0 0 6 0] 

it£LT&, gff#tCT agftfb^. tfCN i M;^,' & 5 W»#JC T agtfbtt 
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[0 0 6 1 ] 
[0 0 6 2] 

m^-KMmn. i summit, m&fe&t.. m^m^m^tc^>\zo. 5 

[0 0 6 3] 

□ Lfristetfi bB-tgz> try -7 x^>t? vt^tt^gfifi 1 

g©f $ < ^ o t < S i il (C i SM R^S©«'> ^If t: 4 S ft, 1 nmj^ 
[0 0 6 4] 

7U-Ml5li, Co^, &£WiC o^^N i ^©^jf *fitT* 

feottifiv^, «^&iJ£iiJll tt8UBI*ffi#4> & v * tf e» #M R fc^ 
[0 0 6 5] 
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j 

[0 0 6 6] 
[0 0 6 7] 

iMH^^fcrv^i/^sg^tcasv^tt, ^#SJS i 6 ©_L(c^ i 

v*5. rziT% fgi om^KMMi 7 £3S2<0S^jRftrtf 1 8 £'©W£M£0 2fC 
BBLTt&jzSLfc^CDilHISI-e&S. 1"&;fot3, 1 ©*^EttM 1 7 0>2f#, «fc 

[0 0 6 8] 

13 ©S^-M&fM i 9 ic-o^Ttt, & 2 ©S^R*Ni 1 8 J: »j *>, J:*J 
[0 0 6 9] 

Sill 9 g<W£5£&®Ht%£&*j, 3§ 3 (0S^-j5ftN5 1 9^e>««JS2 OfC 
[0 0 7 0] 
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, B2lcMLTtif&Lfc:*#-:*-k£ra8ilc, % 1 M% 2 <Z)*^KIf M 1 7 , 
18l£, J: ygftftSft^^ifc&^'^.SfctfK » 1 2 <D«^R#/ff 

17, 1 8^^H3CD«^MIt® 1 9^0DSfc3R©SEffltt^l5JC< O £ U 

, m3©«^£|<Ni l 9te, mi>5:t>*m2(DS^RWjll 7, 1 8 \Z%\;XWM 
U 7 i: L t t S i i: ^ t § 5 . 
[0 0 7 1 ] 

[0 0 7 2] 

[0 0 7 3] 
(I3©HW1) 

w^&jgffiafr*^ s v #® w e> *i * . svtitit 

[0 0 7 4] 

©til 04, lo^ffitf&ix, rne>a>_ttcii, Ti^t^^lios 

[0 0 7 5] 
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ZZX*. KMtt 5 0 n m^f, 1 0 0 n mIST'fe l J, h^V^ifigte 

0. 15A^O. 3>^n>iSi:t5ri:^T'ts 0 
[0 0 7 6] 

[0 0 7 7] 
[0 0 7 8] 

T a 3 n m (Ti&M) /NiFeCr3nm (TiffiJg) / 
PtMnlOnm /C o F e 1 . 5 nm (ti°>Jf) / 

RuO. 9nm (t:°>jS) /CoFeO. 5 n m (tf^Jff) / 
F egffciftfi. 5 nm («^*fjf) /C o F e 2 n m (tf>») / 
C u 2 n m (*«lf£tf»WJf ) /C o F e 2 n m (7'J -Jf ) / 
Cu 1 nm (ffi&«/9) /X (t^SMM) / 
7^77^7^^t 1 0 0 nm 

tltlf 1 nm©Fei«SV^ttCrSf[:t$:Ml^ EXAFS (Exte 
nded X-ray Absoption Fine Structure) IC J; -5 &ffi%0)MMJkT$ it. 

[0 0 7 9] 

3**4 x mtum mm 

mminm) (270°C 10l$raJt£#*M&3llfe) 

HSfeMl FegMfc& lftS*>f r*->flB*f30# FeO:Fe203:Fe304 

=0.5:8.5:1.5 

2 1 ffifE# 2001-3071515 
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FeO:Fe203:Fe304 
=0.5:8.5:1.5 

H1#J3 FeKffc^ Fe203tfM # FeO:Fe203:Fe304 

=0.5:8.5:1.5 

mmm* emit® nmj*ymmm 



Cr:Cr203=0:10 
Cr:Cr203=0:10 



tt&mi Feg|fb* g&gfcfb 

j:bieM3 cmitm utrntit 



FeO:Fe203:Fe304 

=5:1:4 
FeO:Fe203:Fe304 

=0.5:1.5:8.5 
Cr:Cr203=0.5:9.5 



[0 0 8 0] 

^Miit ©a&SMt<z>»-£, 1 0 ~ 6 t o r r #-(Dwm%x°n^ r=. 

a <<*>m$&<D1&&. Ar (TJl^y) discern, 0 2 (MM) £ 5 s c c 
miALT^5X7ftl, Mtfftt5 0 e VT'l?ofe 0 
[0 0 8 1 ] 

K3ll9^*;i/flgiJtt, Ar 5:1 seem, O 2 1:5 s c cmiAlt^X? 
fbbt, S«*^e> 10~15c mt£ttMVfrmMnfrt>mj±lZj:'oTmAVfc a 
[0 0 8 2] 

fe, 1 s c c m©K3RS: A r (C^Ufc. 
[0 0 8 3] 

3 ti <b © © M R # '14 £ M b ISJH 5: T £ £ *b -5 a 



2 2 



ffifBE^F 2 001-3071515 



#2000—268934 



[0 0 8 4] 







270°C, 30B$m 




1 6% 


16. 1 % 




15. 8 % 


1 6 % 




15.7 


1 6% 




16. 5 % 


16. 5% 




16.3% 


16. 4 % 


tmm i 


1 2% 


1 0% 




1 5% 


1 4 % , 


strnm 3 


1 3 . . 5 % 


1 4 % 



itmm 1 1 2 %{C £ iftofc©iC^Lt, itigeM 2 , HSiM 1 ~ 3 it 1 5 % 

[0 0 8 5] 

3 0 4 otitis fc«>T?&5 a 

[0 0 8 6] 
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#£#<^t?3£fre> m^-fcmmmrfm^mm ^^t^sr^^^o^ 

[0 0 8 7] 

, Fe, Ni. C r <Dftfrbmi*ft&&&<D^5>#2*Wl4t4lBl*'t'<X ^VMVTR 
#'f±£^L£ 0 3tl^tC5%aT©S i, Mg, Al, Bfc^&atia.fcfc 

©fc&V>MR#tefciffSM£&3*Lfc. 
[0 0 8 8] 

[0 0 8 9] 

T a KMfc* 2 n m/N i O 2 n m/T a 3 n m 
T aW.it^2 nm/A 1 2 O 3 2 nm/T a 3 nm 
T a Bft ft® 2 n m/ N i O 2 n m 
T aggfl:%2 nm/A 1 2 O 3 2 n m 



MM 



J£<fc«4 Taifti|2nm/3Ta 

it«J 5 T a gftffc*& 2 n m 

J;tfM6 Ni02nm/Ta|{tft2nm/Ta3nm 

i:tfM7 Al 2 0 3 2 nm/Ta|f[;|)2am/Ta3nra 

itiK#j8 Ni02nm/Taltt2nm 

J£<fcffif 9 Al 2 0 3 2n m/ T a gfcffc;4& 2 n m 



miiE4t 2 0 0 1 - 3 0 



#2 000 — 268934 



[0 0 9 0] 

t**4 2701c, lOB^far— 27o°c, 30B#5g^ 



^Mffl 6 1 5 % 14.9% 

7 15.1% 14.9% 

gteft 8 15.3% 15.3% 

mmm 9 15.3% 15.2% 

itmm 4 1 1 % 9.8% 

itmm 5 14.2% 11.9% 

ttmm 611.1% 1 0 % 

J£if£M 7 14.3% 13% 

J£$e#l 8 11.4% 10. 1 % 

i£f*#I 9 14.8% 13.5% 

J:b»j4 -eii. 2mM<DT KX*mJi £. : hMRtfmMWlZbt'<X 4 ~ 5 %/J\ 
[0 0 9 1 ] 

^WUfc. ^*UCMLT^J£0!J6, 7T*tt, MRlil 5 %ig£<ZHii 

iSLtUTV^. 3*U±, NiO, A 1 2 OgJ&if««, liWJT 
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